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Nﬂitrlent intakes and dietary patterns of young

'chll::lren by dietary fat intakes
~ Carol Baﬂew, FRO, Sarah Kuester, MS, RD, Mary Serdula, MD, MPH, Barbara Bowman, FhD, and

Wittiam [Netz, MD, ERD

Orbjective: To determine whetler low fat intake 1s assoclated with
increased risk of matritional insdequacy In chiddren 2 to 8 years old and

i jdentify sating patterns associated with differences in fat intake.

Study design: Using 2 days of recall from the Continuing Survey of Food
Irtake by Individuals (CSFII), 1994 1o 1996, we classified 2802 chibdren
into quartiles of energy intake from fat (<29%, 20% to 31 9% [defined as
maderate Fl'l-tl. 32% 1o 3'1.9%, axid 23596} and compared nuatrlent incakes,
the proportion of children el fsk for inadequate intakes, Food Pyramid
servings, and far comtent per serving across quartles.

Results: More ehildren in quarttle 2 wers at risk for inadequate Intakes of
vitamin E, calcium, and zine than children in higher quartiles (P« 0001);
mare children in quartiles 3 and 4 were at risk for Inadequate intakes of vit-
amins & and O and folage [F< 001). Frult intake decreased across quartibes
[F= 0001 wisereas wegetable, meat, and fac-based condiment lntakes n-
ervased (< D001). Fat per serving of grain, vegetables, dairy, and meat in-
creased acrass quartiles I:F-\: ,{]'l:l]l].

Concluslons: Maderate-Tat diets were not consistently associated with an
Inoreated proportioa of ¢hildren at risk for nutritbomal Enadequacy, and
higher-fat diets were not consistensly protective agalnst Inadequacy. ]:I:lztar_l,r
fat could be reduced by judiclous selection of lower-Fat foods without com-

promising nutritlonal adequacy. [J Peciawr 2000:135:181-T)

In view of the heavy burden of cardlo-
vagcular disease mortality and obesity-
related morbldity in the Unilted States,
the American Heart Association, the
Mational Heart, Lung. and Blood Insti-
ke, arvl current federal policy based an

Firpm ol Diviskan of Motricia e Prysiae! Auivicy,
Crtrer for Diesaze Canired and Preveosion, Aranra,
I:rulpn

Submitied for publication hMer 5. 1593; pevis
slons recelved May £7, 1999, and July 29,
L1550, mecnptec Sept 8, 159549,

Reprint requests! Carol Batlew, Prld, Mail-
siop F-26, 4770 Bufesd Highway NE, At-
Lara, Gl 30341,

SR U0ZER

]:l:lElar_'.r Cutdelines for Amercans req-
ommend a moderate-far dlet consisting
af Z30% energy from rotal Fat amd <10%
fromm saturated far for everyone aover the
age of 2 years, with a gradual transition
frorm an unresiricied o a moderate-fal

Seo editorial, p. 143,

digl octurTing belween & and E_'rm:.H
Because of conoerm atoast the nutritions
al sdequacy of moderate fat dists For
children, the American Academy of Pe-
dintrics originally deslined o endarse
fat-restricted diets for children® but
acdopted these guidelines in 199257 The

energy and mstrient sdequacy of moder-
ansfal dists for children remains contro-
w:r:lal.a" 1 and results of saistng stidies
are Inconsstent. |V To date, the nutri-
tlenal adequacy and ather characteris-
tes of moderate-fag diets have not been
cvaluated in a large, nationally represen-
tathve sample of LIS children. Llsing the
Continuing Survey of Food Intakes by
Individuals, 1994-956,22 we classified

children from 2 to B yenrs old into quear-
tiles of fag Intake and compared mean
nutrient intakes, propontion of children
at risk for inadeguate Intakes, Food
F_'r"l'ﬂﬂ'll-ﬂ servings, and Tal content per
sandard serving across quartiles.

METHGDS

The CSFIT 1994-96 was a natdonally
representative sample of the non-insti-
tutionalized US population. Each par-
ticipant provided 2 nonconsecutlve
days of 24-howr diet recall, The bnter-
whews  wers  divided approsimately
equally acroes all 12 months of the year
and all T days of the woesk, A pasent oe
other prosy responded for childean less
than & years old; children 6 years and
older responded to the 24-hour eecall
interview themselves with help from
thelr parents. Interviews with day care
and schaol meal providers were con-
dhueted as meesded to obtaln complete
descriptions of children’s Intakes. Inter-
vigwars used food maedels, measuring
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guldes, and an extensive zeries of stan-
dardized probes to Impross aceuracy
and eompletensss of reporting. Dietadls
of the dietary Interview profocols and
quality  assurance procedures have
been published.  The survey used the
United States ananmr::m: {:-'I".I'-'Lﬂrl.{:l,l]-
ture nutrlent database with perfodic
updates during the 2 years of the sur-
»':}'.22 We included only nutrients de-
rived from food Bn this analysis because
dath an the nutcient content of distary
supplements were not avallable.
Cutpaines defining the risk of Inade-
quate Intakes of thiamine, riboflavin,
niacis, vitamdin B, folate, vitamin B“.
ancd magnesium were based on the Insti-
tute of Medicine's nge-specilic dietary
referenan intakes by using the Estimat-
el Aoverage Hequirement; and for calsl-
um, by using the Adeguate Tnrake, 5
Because dictary referencs Intakes Tor
orther nulrients have not yet been re-
Jeased by the [OM, cutpoints far defin-
ing the risk of Inadequente Intakes of pro-
eeln, witarndn A, vitamin 2, vdtamin E,
iron, and zinc were based on age-sppcif-
ic recommended dietary allowance.?
The BEDA was designed to provide
I7.5% of the population with adequate
intake of a nutrent, whereas the EAR
and the Al approximate population
mean requirements. S5 Therefore a
larger proporton of indivdiduals will fall
betow the RO than below the EAR or
Al However, the IOM guidelines for
dictary evaluatlon specily the wee of
EaRs if they aso available, Al if EAR=
are nol available, and B[DAx for those
nautrients that haves nat yob Besn eeesalui-
ated. 3 For simplicity of presentation,
we refer to the Intake of a ghven masrient
falling bebowr s respective custpodnt as the
risk of Inadequite intake. We used the 103
age strata 2 to 3 years [n= 1152) and 4
o0 8 years [n = 1650). These samples ex-
clude 4% of children in esch age straturm
(42 and 6] children, respectively] for
whom complete dath wers mon availalle,
Ta idlentily stuarces of fat, we used the
Feeoat Pyramid Serving equivalenis
provided in the CSFIT database
Comirination fioods were separated lnto
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Ingredicnts thar wese tabalated in seev-
Ing equivalents. The CSFII database
computes discretionary fat [in grams)
for all foods by using a standard law-fac
reference food In each Food F‘_l,'r'a il
category. ™ Discretionary fat Is a way to
quantily the consumption of higher-fat
rather than lower-fat foods from &
glven food group. For each food group
in the Food P_'.-mmid. the fat content of
the lowest-fat form was determined
ard all other foods wers assigned a «dis-
cretionary fag walue by subtracting this
lowest valwe from the actual fat oomtent
of each food.® Far example, an 8 oz
glass of skim milk comtains 0,44 g of fat,
whereas a glass of whole milk contains
B.04 g, =0 the discretlonary fac content
of whole milk is 760 g, The lowest fat
contents for the other food groups were
1.01 g per standard serving of graln,
022 g per standard serving of vegeta-
bles, 0L.28 g por standard serving of
Fruir, and 2.65 g per ounce of coaked
rveat. = We caleulated the mean dilscre-
tionary fat per serving of foods in the
standard Food P'_'.-Tﬂn'dd. groups and in
our subcategories. The foods included
In this analysls accounted Tor a mean of
a7 6% {SEM A0 l:] of the toral far ra-
parted by children 2 1o 3 years ald, and
for 97.4% (SEM .01) of the total fat re-
ported by children 4 to & years obd,

We subdivided several of the Food
Pyramid groups because we wers Inter-
ested in the contribution of specific
foods to children's fat Intakes! pastries
[cakes, plos, cookies, and slmilar foods)
and snacks [crackers, patats chips, pop-
corm, and similar foods) within grains,
and french fries within vegecables, Paca-
to chips are coded as a vegetable in the
CSEFIL database but we deleded them
from our vegetale coumnt and Included
them In snecks instead. We created a
categary of fut-based condiments (bt
Cer, margarkne, mayannatss, Sour credm,
andl salkacd Ure:al.ng::}. For the purposes
of comparing condiment Entake A ross
fat quartiles, we arbitracily defined a
serving as 1 rablespoon.

‘We calculated the estimared asual
nutrlent Intakes and the proportion of
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children with intakes below [OM or
EDA cutpoints with SIDEIML soft-
ware [lowa State University Statistical
Laboratory, Ames, lowa). This sofi-
wiare computes the intraindividwal varl-
ation reflected in 2 days of dict records
aned wses i te estimace che wsual ingake
per pErssn; the estimated usoal intake
provides a better approximation of the
true distribastion of Intakaes ACross &
s-amp]e-.“ The resulting narcower dis-
tribution of estimated usual intake 15 es-
pecially Important swhen examinlng the
proportion of respondents who Tall
balow cutpsdnts in a distributlon such
az the EAR ar the FDA_ We classifica
dictary far intakes by quastile of pes-
cont energy from total Ffar. The quartile
calegories were nearly identical for the
2 age groups and were rounded to
S2B9%  (lower it TE%. median
Em], 29.0% 1o 31.9% I:mzdlan EU%},
32.0% to 34.9% (median 33.5%), and
235.0% [median 3T%, upper limi
18%). Quartile 2 brackets the recom-
mended 3% of energy from fat; we de-
fined it as moderate fat Intake and used
it a8 the referenoe category for analysis.

We compired nutrient Intakes and
standard Food Pyramld
among the groups with tests for trend
across the 4 quartiles and with £ tests
comparing quartile £ with other guar-
tiles iF texix for trend were nonsignifl-
cant. We compared the propartion of

servings

children consurming less tham the age-
aﬂeclﬂﬂ EARs ar RDﬂ:mE across di-
clary fat intake quartlles with tests for
trend across the quartlles and with xE
comparing quartile 2 with other guar-
tilez. The data set was created with
2485 saftware {5}5;5 Institune, Car_l,-,
MC). Analyses were performed with
SIDEMMLY and SUDAANT sor-
ware, taking Into account the complax
anmple design by uaing sample weights
amd strata provided in the data set.

RESULTS

The sex ratio and age distcibution
did not differ significantly among fat
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Tadfe £, Mean estimated wsual nutrient intakes of children aged 2 to @ years by quartde of fat Intake in the C5FE 1094-95

intake quartiles in either age group.
Therefore we present results for Eeys
and girls combined and we have not
age-standardlzed the analysis within
age group strata.

Tests for trend showed generally
strong and highly statistically signifi-
cant linear trends for mean nusrkenc In-
takes across the 4 far quartiles, al-
thagh in seame cases e mean intakes
i any & adjscent quartiles were nat sig-
nificantly different (Table I). Energy.
protein, total far, saturated fal, choles-
teral, and vitamin E intakes Incroased
significantly (P < 00L) across o
quartiles in both age groups, and zine
intake increased significantly across fat
guartiles among 2-to 3-3“1-{44].5 [_F'-c
D001}, Ameng 4- 1o B-year-olds, chil-
dren In quartile 2 consumed less chi-
amine {F= .01], riboflavin (F< 001),
niacin (P< 001), calefum, fron, magne-
sium {all P« 001), and zinc (F< 01)
than children in quartibe 3 and bess vita-
min B, than children in quartiles 3 and

4 (bown P < 01). In contrast, vitamin C
intake decreased significantly across fat
gquartiles in both age growps, and vitas
min A and vitamin By intakes decreased
aross fat quartiles among children 2 o
3 years of age {all P= 0001). Amang 2-
to J-year-olds, children in quartiles 2
consuned more fiber than children in
quartiles 3 or 4 (F= 001}, maore folate
than children in quartile 4 (F< 001),
morg lron than clhilldren in quartile 4
[F-I: .III-l]. and more magnesium than
children in quartile 4 (P< 01). Among
4= to B-vear-olds, children in quartile 2
consumed mare fiber {P{ ﬂl]. whtarmin
A [P< 001), vitarmin By (P< 1), and fo-
bate [F= ) than children in quartile 4.

The proportion of children at risk for
inadequate Intake of vitamin E de-
creased seross fat quartiles in both age
groups (F< .001), and the proportion
at risk for insdequage Intake of gine de-
croased across fat quartiles among 2-
to 3-year-olds [P < 01) (Table I1).
Among 4- to B-vear-olds, the propor-

tton of children at risk for Inedequate
Intakes of calcium and sne was higher
In quartile 2 than in quartile 3 (F< 01
and F < 001, respectively) bur not
quartite 4, The proportion of children
at risk for inadequate vitamin A and wi-
tamin C intakes Increased across fat
quartiles among £- to 3year-alds (F=
D01), Ameng 4- 1o B-year-olds, the
proportion of children at risk for Inad-
equate vitamin A Intake was lower In
queartile 2 than in quartile 4 [P«< 001)
ard the proportion of children at risk
for inadequate vitamin O intake was
lower in quartile 2 than in guartiles 3
or 4 (bath F= 001). The proportion of
children at risk for Inadequate folang
intake was lower In quartile £ than in
quartile | or quartile 4 (bath P< 01).
The number of servings of frult per
day decreased significantly across fat
quartiles {F= 001}, although the num-
ber of servings of vegetables (P < 01
for 2= to 3-vear-olds, F< 001 for 4- to
B-year-olds), meat [P« 001}, and fat-

183



THE JousmAL OF PEDLATRICS
Feruary 2000

Tatte I, Proportion of children aged 2 to B years consuming less than standard intake of salected mutrients by quartie of fat in-

take in the CSFI 19594-96

based condiments [P 1) increased
[I'amlIIj. ThEmnfd.Im:ltﬂn-rur_lr
fat consumed per day also Incroasaed
significantly across fat quartiles [P <
L00). The number of servings of
grains, the servings of snacks and pas-

1E4

tries within the grains camegory, and
the: number of servings of dairy prod-
watd did not differ significantly across
fat qquartiles. The mean fat conbent per
serving of grain increased significanty
peross fal categories (F< 001, but the

mvean Fat content of snacks or pastries
within the grain category did not differ
{Takle IV). The mean fat content per
serving of vegerables, amd of fremch
feies withdn the vegetable category, in-
creased slignificantly across fat quar-
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thes [Fe 001 and F< 01, respectives
ly), as did the mean far content per
serving of dairy products and meat
(bath F= 001).

Discussion

W found litde support For the suppa-
sitlan that diets with a medernte fat con-
tent {ie, quartile 2, 20,0% 1o 31.9% of
energy from total fat] are consistently
lower In nutrlent content than higher
fat diets. Maore children with moderate
fat intakes were ot risk for Inedeguate
Intakes of vitamin E and zinc than chil-
dren in higher quartiles Is both age
groups, and for Inedequate intake of
calsium among 2- 0o B-year-olds, but
more children with higher Tat intakes
werg at risk for inadeguate intakes
of vitamins & and C than childeen in
quartilz 2 in both age groups, and for
Inaderpaane lntaks of folate amaong 4- to
E-yﬂrulds- The higher-fat dicts were
nat consistently protective against po-
tential mstriont Inadeguacy. The defind-
tions of risk of inadequate Intakes for
vitamins A, C, and E, iren, and zinc
were hased on the RDA,? which = in-
tpnded 1o provide adequate Intakes fior
L7.5% of the population. In contrasy,
the definition of inadequate intakes was
based on the EAR for the B vitamins
ard magnestum and on the A for calcs-

Table IV Mian tat content of food servings of children aged 2 to 8 years by quartie of fat intake In the CSFII 1994-95

v, witlek are lower than the RIA S

and approximate the mean sedguiement
of the population. Therefore the risks of
Inadequate intakes of the various nutr-
ents should not be compared directly
and it would ba inappropriate to toy to
dietermine whether the effects of fag In-
take were geeater for oo nuatrlent than
for another, However, the focus of this
analysis was the comparison of the pro-
portion of childeon at risk for inade-
quate Intakes of individual nutrients
aeross quartiles of fat intake.

In the Bogalusa Heart Study, chil-
dren with the lowest Fat intakes (<30%
of energy) were mare likely than chil-
dren with the highest far Ingakes
{(=-40%:) to have nutrent intakes below
the RDAIE It s difficult to make a di-
rect comparkssn with our results be-
cause the CEFIL survey s designed to
be representative of the population of
the United States as a whole, whereas
the Bogalusa sample was drawn from a
limited geographic area. In addition,
the authors discussed enly the compar-
Ison of thelr highest and lowest fat In-
take categories, corresponding to less
than the median of cur quartile £ and
well abovie the median of cur guartile
4, and they did not provide a test for
trend across the full rangs of et in-
takes in their sample. In & longitudinal
study of 215 free-lhving children 3 to 4
vioars ald at baseline, who were not
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participating in a dietary Interventlon,
Shea et al’l found no differences in
growwth betwesn childrem with Fat intakes
ranging from 28% to 38% of cnergy.
They also found that children reparting
mean intakes of <305 of energy from Fat
hed significantly lower calcium intakes
but higher intakes of lron, thlaming,
nilaci, and vitamins A and C than chil-
dren reporiing mean intakes of =32% of
energy from fat. Thelr study 15 esgeclal-
Iy conwincing bBbcause il dietary ntake
estimates were based on four 24-hour
recalls and three food froquency queess
tonnaires collected over a 23-month
period, The case reparts of children
exhibiting growth fallure on wery low
fat diets™29 rafloct Inappropeiate dist
regimens, including severe caloric re-
striction imposed without medical sa-
perviston; they are not generalizable o
children with modecate Fat bvtakes,

Clur analysis of CSFII data is cross
sectional. Although the C3FIT 1994-96
obtained 2 nonconsecutive days of re-
call per particlpant, it may still have
falled to capture the full range of day-
to-day warlation In children’s eating
patterns, often referred to as usual in-
take. In addition, analyses based on
aaly ane or two recalls tend to overes-
timate the proportion of children who
consume less than amy specific culs
polnt value for vitaming and miner-
ate ™ We used software and computa-
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tkomal algorithens desigrned 1o improve
the estimate of the usual intake of nu-
triznts and to wleld more soclacale sstd-
matas ofF the propartlons of children
bzl cutpaints in distributions 2 Ap.
other potentlal source of errar In our
study 15 the possibilicy of Inaccurate or
Incgmplete reporting of 24-hour dier
Intakes by the parencs and childees in-
cluded tn the sample. Parents, children
g [ yaars and older, and day-care
arvd 2chool meal providers were all in-
terviewed to ohiain as complete and
aceurate a recall as possible 2 Howew-
1 all these potentlal sources of error
lm our anelysis apply equally to all of
the children included in the survey, so
wur comparison of nutrient intakes by
fat quartle showld mot e biased,

Chur pesults are based only on repart-
edd food Entakes, ¥We would have Itked to
sz lwde the nuirtent cantribucion af di-
etary supplerments the childoen might
have beon taking, Bt data on the motri-
el contents of supplements were not
reparted In the data set. Chiler AuTveys
hawve: sheowe that between 35% and 55%
of children In the age range we conskd-
ered use multivitamins or other supple-
ments. % In our sample 37% of the
children reponted taking some form of
dictary supplement dally and 16% re-
poried Laking supplements occaslanally,
The most comman supplements wera
madthvitamins and vitamin O otler sup-
plepsenns were uncommon. The preva-
lence of supplement use did ot differ
across fat Intake quertiles for either age
group (data mot shawn). It Is difficudt to
determine whether childeen who -
celve supplomenls are Lhose at higher
risk fe 10w ratrent intakes from food,
although one imvestigation showed that
children who receive distary supple-
ments are of higher socloeconomic sta-
tus than those who da nos. ™

In our sample, firuit consurmption de-
ereased across guartiles of dictary fat
Intake, whereas the consumption of
wegetabbos, nveat, and fat-based condi-
ments increased. [he mean fat content
per serwing of grakn, vegetables, dairy
products, and meat also increascd
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across quartiles, The bae reasing Fat
content of graln servings across quar-
tiles was not assoclated with differ-
onces in the Fat content of snacks or
pasiries, o it was attributable (o hilgh-
er-fat selections amang such foods as
breads and cereals, The increasing Fat
contenl per serving of vegetalbles other
than french fries was atteibutatle to
preparation mweihdds ratlser than condi-
ment Wis, bDecause [at-based condl-
menii such as butter, margarkne, sour
cream, or deessings that might have
bean added 1o vegetables at the table
woere tabulated separanely. Within the
french fries eategory, differences In
AT TAl COMEEnE per serving wers as-
sitiated with preparation methads
such as awven baking versws desp ry-
ing. The higher fat content of dalry
products and meats consumed by chil-
dren who had higher fac Intakes was
attributable to both highos-far choloes
leg, whole milk products or fatty cuts
ol m.-en:] and preparation methods
such as frying rathor than baking or
brodling (data not shown).

Children with higher fat intakes did
not obtaln maore discralionary fat than
ather children fom greater consump-
tlom of snacks and pastries, or aven
largely from greater use of fat-based
condiments, which accounted fior anly
T¥% of the total fat reported. The chil-
dren got more than 3096 of thelr greater
discretionary Tat intake from food
groups that are the basis of a prudent
dict. They consumed higher-fat rather
than lower-Tatl foeods within a group,
such as whole mik dairy products
rather than lower-fat dalry products,
and they consumed foods prepared by
methods like frying that added far.
Limiting high-fat condiments and sub-
stivuting lower-fat Tood cholces and
lower-fat preparation methoeds would
reduce tetal far intake with litde Impact
ot thi nuitrlent adequacy of dicts. Birch
et al™ found that young children can
spontansously regulate thedr overall en-
ey Intake over a day when dietary fat
content is mantpulated, ncreasing thedr
enerfy Intake lrom nonfat sources
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when fat content is reduced, Dwyer®
demonstrated that menus can be de-

signed to provide children with a selec-
tiom of lower-lal, nutrient-dense foods
that achieve adequate energy and nu-
trient intakes while maintaising & mod-
erate fat intake, Clur results suggest
that free-living LS children who spon-
tanescusly consume dicts with appraxis
mately 3% of energy from fat are not
at Increpsed risk for low nutrient in-
takes relative to children who consume
higher fat dicts, with the exception of
vitamin B, caleium, and #ine, nutrienes
for which many children in all fat in-
take quartiles were at clsk, We alio
fousnd that childron with moderate-fae
et were at bower risk for low Intakes
af vitamiln A, vitamdn O, and Folane than
chlldren with higher fat cdiats,

L Alteia Carriyuivy aod Or Ko Do o the
Towa Seare Unfwersigy Statitstical Laboratory
supplted the SIDETMY software amd conswely-
ed i s erve. Caebleen (illesple provided dats
management and compirational supeers, [
Farl Ford provided analysic and sditorial ad-
viee, avad Peter Taydor provided edifarial advice,
e are grateficd fo them for thelr aosftance,
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